Carbazole is a promising pharmaceutical species. A novel optical sensor for determining doxycycline based on the fluorescence quenching of N-allylcarbazole immobilized on an quartz glass plate surface by covalent bonding has been described. The sensor shows satisfactory virtues in reversibility, repeatability, selectivity and sufficient lifetime resulting from its excellent optode membrane. Its response time is less than 60 s. The determination range and detection limit of the sensor are 6.0 × 10 -7 -2.0 × 10 -3 M and 2.0 × 10 -7 M, respectively. The lifetime of each sensor is at least three to four months. The sensor can be used for direct determination of doxycycline in pharmaceutical preparations and urine samples.
Doxycycline, which possesses a hydronapthacene skeleton with different functional groups, is a semi-synthetic broad spectra antibiotic that is active against nearly all gram positive and gram negative bacteria. It has been extensively used to treat bacterial infections since the 1960s in many countries. There is a need for a simple, sensitive and rapid analytical method for determining doxycycline in urine and pharmaceutical preparations. Several methods have been used to determine doxycycline. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] An optical sensor for doxycycline has been reported recently. 12 Though a fluorescent compound, carbazole has not been reported as an optical sensor up to now. This paper proposes a novel sensor of doxycycline to explore the possibility of using carbazole as a fluorescence carrier. Carbazole was immobilized on a quartz glass plate, forming a firm membrane by covalent bonding in order to prevent leaking of sensitive matter. The fluoresence of optode membrane can be strongly quenched by the doxycycline in sample solution. A simple method of the method of synthesis of N-allylcarbazole (ACZ) used for covalent immobilization has been worked out by modification of the synthesis of N-ethylcarbazole. 13 Compared with other methods for determining doxycycline reported, the proposed sensor not only possesses sufficient selectivity and sensitivity, rapidly and reversibly, but also has a wider linear response range and longer lifetime.
It has been tested in the determination of doxycycline in pharmaceutical preparations.
Experimental

Apparatus
A home-made poly(tetrafluorethylene) flow-through cell were used in fluorescence measurements. Fluorescence excitation and emission spectra were obtained on an F-4500 fluorescence spectrometer (Hitachi, Japan) by a bifurcated optical fiber (Beijing Glass Institute, 30 + 30 quartz fibers, diameter of 8 mm and length of 1 m), which carried the light to and from the flowthrough cell. The configuration of the fiber detection system is described in Fig. 1 . A quartz glass plate (diameter of 12.5 mm) with immobilized sensing membrane was placed on the top of the flow chamber and fixed by the mounting screen nut so that the optode membrane contacted with the sample solution pumped through the flow cell by a peristaltic pump (GuoKang Instruments, Zhejiang, China). The solution pH was measured using a PHS-3C pH meter (Shanghai Analytical Instruments, China).
Meterials
N-Allyl carbazole was synthesized from carbazole (Shanghai Chemicals) and allyl bromide; the latter was prepared according to the literature. 13 
Synthesis of ACZ
Potassium hydroxide (7.0 g) and dimethylformamide (DMF) (40 mL) were added into a 150 mL boiling flask and stirred at room temperature for 20 min; then carbazole (3.3 g) was added and the mixture was stirred continuously for 40 min. Allyl bromide (4.26 g) with DMF (8 mL) was then added slowly to the vigorously stirred solution from a funnel. After 1 h, the reaction mixture was poured into water and filtrated. The crude product was dried and recrystallized from methanol to give 3.56 g of white solid with a yield of 86.2%, mp 58˚C, MS: base peak: 207, M + : 207.
Preparation of the sensing membrane
Conventional quartz glass plates (12.5 mm diameter) were immersed successively in 3% hydrofluoric acid and 10% H2O2 for 30 min each, then washed with water thoroughly. A solution of TSPM was prepared by mixing 0.2 mL of TSPM, 2 mL of 0.2 M HAc-NaAc buffer solution of pH 3.6 and 8 mL of redistilled water. The glass plates were submerged in this solution. After being soaked for 2 h, the quartz glass plates were washed out with water and dried at room temperature. 2-Hydroxyethyl methacrylate (0.5 mL), ACZ (15 mg), acrylamide (200 mg), benzoin ethyl ether (20 mg), diphenyl diketone (30 mg) and quinitol biacrylate (0.1 mL) along with DMF (0.2 mL) were mixed and the complete solution was facilitated by ultrasonic waves. A small aliquot (25 µL) of the mixture was dropped onto a cleaned poly(tetrafluorethylene) plate and then covered by silanized quartz glass plates, the UV radiation (254 nm) was directed onto the glass plates. After 2 h of UV radiation, the quartz glass plates were washed with water and methanol to remove unreacted species until no leaching of ACZ was observed. The quartz glass plates were dried and stored.
Fluorescence measurements
The measurement of membrane fluorescence was made under flowing conditions at the excitation wavelength of 297 nm and the emission wavelength of 365 nm with slits set at 5 nm for both excitation and emission. The optode membrane was positioned on the top of the flow chamber (Fig. 1) . The sample solution was pumped through the flow cell by a peristaltic pump at a flow rate of 2.0 mL/min. The optode membrane was allowed to equilibrate with the sample solution for recording a stable fluorescence signal. After each measurement, the fluorescence reading of the sensing membrane was recovered by driving a blank buffer solution prior to the next measurement.
Sample preparation
Doxycycline tablets (Zhuzhou Pharmaceutical Factory, Hunan, China) were weighed and powdered; a weighted amount of powder (40 mg) was dissolved in a final volume of 100 mL and then filtered. The filtrate was collected for subsequent analysis.
Results and Discussion
Effect of pH
The fluorescence intensity of the sensing membrane was found to be pH-dependent. Figure 2 shows the effect of pH on the fluorescence quenching efficiency F0/F. F0 and F denote the fluorescence intensity in the absence and presence of doxycycline, respectively. The doxycycline solution was buffered at pH 2.0 -12.0, and an increase of quenching was observed at pH >7.0. Though doxycycline is unstable in strong alkali solution, high pH is favorable for fluorescence quenching. A pH 9.0 B-R buffer was used for the determination of doxycycline in aqueous solutions
Pinciple of operation
The determination of doxycycline is based on the fluorescence quenching of optode membrane immobilized on the quartz glass plate. If the completed equilibrium between doxycycline in the aqueous sample solution phase (aq) and ACZ in membrane phase (org) is reached with the formation of a m:n complex, the equilibrium can be represented as follows:
where DC represents doxycycline and ACZ represents Nallylcarbazole. For simplicity the difference between the activities and concentrations is neglected. The corresponding equilibrium constant K can be expressed by the law of mass action:
The relative fluorescence intensity α is defined as:
Here, F is the fluorescence intensity of the optode membrane determined when contacting with the different concentrations of doxycycline solution. F0 is the fluorescence intensity of the ACZ membrane when it is exposed to a blank B-R buffer solution. Fs is the fluorescence intensity when ACZ is completely complexed with doxycycline. Combining Eqs. (2) and (3), one can express the relationship between the 
With the m:n ratio changed and the equilibrium constant K adjusted, the experimental data were fitted to Eq. (4). Figure 3 shows the fitting results; the curve corresponding to 1:1 complex ratio and a reasonable K of 1.2 × 10 5 fits the experimental data points the best.
Quantitative determination and detective limit
The quenching efficiency is given by the Stern-Volmer equation based on the 1:1 complex:
Here, F0 and (Fig. 4) . The calibration equations provide a quantitative basis to determine doxycycline in sample solutions. Figure 5 shows the fluorescence spectra of the ACZ membrane in buffer solution of pH = 9.0 containing various concentrations of doxycycline. The excitation spectra were recorded by fixing the emission wavelength at 365 nm, while the emission spectra were recorded by excitation with 295 nm radiation. Various concentrations of doxycycline solutions were pumped through the flow-cell at a flow rate of 2.0 mL/min.
Spectral characteristics
Repeatability, reversibility and response time
The repeatability and reversibility of optode membrane were evaluated by alternatively driving doxycycline solutions of 8.0 × 10 -5 M, 4.0 × 10 -4 M and the blank buffer solution of pH 9.0. Figure 6 shows the fluorescence intensity changes vs. time for the optode membrane. The relative standard deviations in fluorescence intensities recorded from five repetitions of 8 × 10 -5 M and 4 × 10 -4 M were found to be 0.89% and 1.02% respectively. The results show that the reproducibility and reversibility are satisfactory. The response time of the sensor is less than 60 s, but the recovering time is about 1.5 min.
Stability and lifetime
The optode membrane was in contact with a buffer solution and a doxycycline solution of 2.0 × 10 -4 M for 10 h to evaluate the stability of sensor. over quite a long time period. The covalent immobilization of fluorescence carrier helps to guarantee sufficient lifetime of the prepared sensor, which lasted at least three to four months.
Selectivity
The effect of interferents on determining doxycycline of the optode membrane was also examined.
Selectivity was evaluated by the relative error of fluorescence intensity changes while the optode membrane was contacted with doxycycline solution of 8.0 × 10 -5 M containing each interference compound, such as alkali and alkali-earth metals as well as some common pharmaceutical species. The results are shown in Table 1 . The coexisting species is considered not to show significant interference if the relative error is less than ±5%. It seems feasible for the sensor to be used for determining doxycycline in pharmaceutical preparations and urine samples.
Preliminary application
The sensor was applied to determine doxycycline in commercial pharmaceutical preparations. The sample solutions were diluted with buffer solution of pH 9.0 and analyzed according to the procedure described in the experimental section. Table 2 shows that the results are in agreement with those obtained by spetrophotometry. The results of determining doxycycline in urine sample are shown in Table 3 with recoveries. Fig. 7 The stability of the sensor exposed to 2.0 × 10 -4 M doxycycline (b) and buffer solution (a). Fluorescence intensities were recorded with intervals of 30 min. Table 1 
